The bandstructures of [110] and [001] Bi 2 Te 3 nanowires are solved with the atomistic 20 band tight binding functionality of NEMO5. The theoretical results reveal: The popular assumption that all topological insulator (TI) wire surfaces are equivalent is inappropriate. The Fermi velocity of chemically distinct wire surfaces differs significantly which creates an effective in-surface confinement potential. As a result, topological insulator surface states prefer specific surfaces. Therefore, experiments have to be designed carefully not to probe surfaces unfavorable to the surface states (low density of states) and thereby be insensitive to the TI-effects. V C 2015 AIP Publishing LLC.
[http://dx.doi.org/10.1063/1.4931975] Topological insulator (TI) materials such as Bi 2 Te 3 have extraordinary surface properties. [1] [2] [3] These make them a unique class of materials for applications such as low power electronic devices, 4 spintronics, 3 and quantum computation. 5, 6 TIs host surface states with the spin perpendicular to the surface normal, spin-locked relative to the electronic inplane momentum. Backscattering of such surface electrons requires spin-flip processes. In TI devices that are free of magnetic impurities, surface electron backscattering is therefore unlikely. Then, the surface conductance is expected to be limited by the Fermi velocity. 7 Experimental values of the Fermi velocity of Bi 2 Te 3 surfaces show more than 25% variation. [8] [9] [10] Experiments that determine Fermi velocities and other TI surface properties are often implicitly assuming different TI surfaces host the same physics. 6, 11, 12 Even many theoretical studies of TI wires assume all wire surfaces are equivalent due to rotational wire symmetry. [13] [14] [15] [16] [17] 
Here, P is the perimeter of the wire, equals to (2W þ 2T); W is the dimension of one mixed surface ("width of the wire") and T is the dimension of one pure Te 1 surface ("thickness of the wire"). The two Fermi velocities are fit to match the surface state quantization of the tight binding results.
If It is an accepted rule in literature that the band gap of TI nanowires closes when the magnetic flux through the wire cross section agrees with half integer multiples of the magnetic flux quantum (U 0 ¼ h/e). The largest band gap of the TI wires is expected with magnetic fluxes equal to integer multiples of the flux quantum. However, this knowledge is based on non-atomistic models (i.e., envelope function approximations). Figure 1 show the atomistic tight binding bandstructures of 12 Â 48 nm 2 Bi 2 Te 3 nanowires with varying magnetic fields along the wire growth direction. Here, the smaller facets are pure Te 1 type. The atomistic calculations indeed follow the rule of vanishing and maximal band gaps as a function of the magnetic flux. Equivalent behavior was observed for atomistic tight binding calculations of Bi 2 Te 3 nanowires for a great variety of cross sections (ranging from 6 Â 24 nm 2 to 60 Â 150 nm 2 ). Atomistic tight binding calculations showed that different geometries and facet configurations do not alter the rule for band gap maxima and minima.
Although different wire configurations follow the same rule for the band gap with magnetic fields, the band structure details depend significantly on the ratio of pure Te 1 and mixed facet dimensions. This is exemplified in Fig. 2(a) : compare the atomistic structure of two 12 Â 48 nm 2 Bi 2 Te 3 nanowires that differ in the size of the pure Te 1 and mixed facets. For later reference, wires with larger mixed than pure Te 1 facets are termed "Type I", the other cases as "Type II". The bandstructures of the two cases in Fig. 2(b) show an energy difference of the wire surface states with vanishing momentum DE of 6.2 meV for the type I and 10.5 meV for the type II nanowire of Fig. 2(a) . This difference in DE is in contrast to non-atomistic models that cannot distinguish wires of type I and type II. Fig. 3 , the analytical model discussed in the method section gives an almost perfect fit to the numerical atomistic tight binding data. It turns out, the Fermi velocities for the [110] Fig. 4 , which show the absolute squared wavefunctions for the first 3 surface states of the type I nanowire in Fig. 2 with energies above about 0.12 eV and momentum k ¼ 0.025 nm
À1
. The surface states are delocalized over the total wire surface, but they are mainly located at the mixed type facets. The number of minima of the surface states envelope (shown in Fig. 4(b) ) increases with the state's energy-similar to confined electronic states in quantum wells. The calculations also show stronger in-surface confinement effect with increasing momentum. The in-surface confinement vanishes at the U-point. This finding can be understood with the analytical model of Eq. (1): The dispersion difference of the two different nanowire facets (pure Te 1 and mixed type) yields an effective, momentum dependent potential between the facet types (see schematic of Fig.  5(a) ). This potential vanishes at the U-point and increases with finite momenta. This potential effectively creates a system of 2 quantum wells within the wire surface (see schematic of Fig. 5(b) ). The surface states envelopes' confinement is typical for such quantum wells.
In 
